Red onion skin (Allium cepa var ascalonicum) contains various ingredients that may function as antibacterial agents against microorganisms, as well as anti-inflammatory and immunomodulator agents for host cells, such as macrophages. Pseudomonas aeruginosa found in the oral cavity is commensal bacteria that may turn into opportunistic pathogen by utilizing its virulence factors such as motility and adhesion to the host cell. The purpose of this study was to investigate the effect of red-onion-skin ethanolic extract towards P. aeruginosa ATCC 9027 on the motility and adhesion ability, furthermore, to know its effect on the macrophage phagocytosis. The research was conducted into three parts of experiment using red-onionskin ethanolic extract. Extract-induced bacterial motility test was carried out on semi-solid media, stained using 0.1% crystal violet, then the radial length of the bacterial movement was measured. The bacterial adhesion index to buccal cells was calculated after incubated for two hours and stained with Gram stain. Phagocytic activity of the host cells on P. aeruginosa was done by exposing the extract to the mouse peritoneal macrophages, then the phagocytosed bacteria were counted after Giemsa staining. Statistical test results from the three experiments showed significant differences between the test groups compared to the control groups (p <0.05). It was concluded that the red onion-skin ethanolic extract not only affects P. aeruginosa by reducing swarming motility and preventing bacterial adhesion to buccal epithelial cells, but also induces the host cells by increasing the ability of macrophage phagocytosis to these bacteria.
INTRODUCTION
Pseudomonas aeruginosa is a Gramnegative, motile, rod-shaped bacteria that lives in an aerobic and anaerobic environment (Burrows, 2012) , and is a cause of nosocomial infections because it may turn from oral commensal bacteria to opportunistic pathogen (Lister et al., 2009) . Under normal circumstances, P. aeruginosa can be found in subgingival plaque, gingival sulcus epithelium and buccal epithelial cells (Caldas et al., 2015) . In certain conditions these bacteria may turn into pathogens and worsen the infection of the oral cavity. Pseudomonas aeruginosa can be found in patients with chronic apical periodontitis (Brooks et al., 2010; Sutasmi et al., 2014) . Pseudomonas aeruginosa has flagella and type IV pili (Conrad et al., 2011) which play a role in swarming motility and as a virulence factor (Wu et al., 2011) by binding to epithelial cells. PilA protein in pili binds to glycolipids and glycoproteins asialo-GM1 and GM2 (Albrecht et al., 2002; Johnson et al., 2011) , whereas PILY1 binds to calcium in the epithelial cell integrins (Johnson et al., 2011) .
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The oral cavity is the first barrier to the invasion of various kinds of microorganisms. When P. aeruginosa turn into pathogenic bacteria, they may suppress the expression of immune defense, one of which is by producing pyocyanin (Evans et al., 2008) . Pseudomonas aeruginosa also has a T3SS protein which contains exoenzyme S (ExoS), exoenzyme U (ExoU) and exoenzyme T (ExoT) which inhibit phagocytosis in macrophages (Lavoie et al., 2011) .
Red onion (Allium cepa var ascalonicum) skin has not been optimally utilized. It contains antibacterial and immunomodulatory agents such as flavonoid and quercetin (Elberry et al, 2014) . Quercetin enhances the ability of macrophages phagocytosis, by increasing IL-12 production (Setyawan, 2015) , also inhibits PILY1 protein so it cannot bind to calcium in epithelial cells and interfere with the process of bacterial adhesion. Moreover, quercetin from onion skin inhibits bacterial motility by altering the membrane potential of bacterial cells, affecting the main proton pump so that it cannot produce energy to transport hydrogen ions from the cytoplasm to the outside of the cell (Mirzoeva et al., 1997) . In addition, polyphenol binds to P. aeruginosa pili and inhibits bacterial adhesion (Johnson et al., 2011) . The aims of the study were to investigate the effects of red onion skin ethanolic extract on P. aeruginosa motility and its attachment to buccal epithelial cells, furthermore, to study the ability of macrophage phagocytosis against P. aeruginosa in vitro.
METHODOLOGY Materials
Red onion harvested from the agriculture area in Samas, Bantul, DIY Province, Indonesia, had been determined as Allium cepa var ascalonicum species at the Laboratory of Plant Systematics, Faculty of Biology, Universitas Gadjah Mada (No. 01038 / S.Tb / IV / 2017). Pseudomonas.aeruginosa ATCC 9027 was purchased from Microbiologics® Inc, Amerika. Epithelial cells were collected from a human volunteer buccal mucosa using cytobrush, whereas macrophage cells were isolated from mouse peritoneum makrofag (MPM). This research obtained three ethical clearance certificates from the Research Ethics Committee of the Faculty of Dentistry, Universitas Gadjah Mada Indonesia No. 001289/ KKEP/ FKG-UGM/ EC/ 2018, No. 001292/ KKEP/ FKG-UGM/ EC/ 2018 and 001293/ KKEP/ FKG-UGM/ EC/ 2018.
Methods
Pseudomonas.aeruginosa ATCC 9027 were cultured in liquid BHI media, incubated at 37 ° C for 24 hours, washed by adding 0.9% NaCl, then centrifuged 2 times for 10 minutes (5,000 rpm) (Wolska et al., 2005) . NaCl solution was added to achieve 0.5 McFarland standard or 10 8 CFU/ml of bacterial concentration (Limsuwan et al., 2014) .
The onion skin was extracted by ethanol maceration method (Skerget et al., 2007) . The extract was diluted in sterile distilled water, centrifuged (10,000rpm) and filtered using nylon membrane syringe filter 0,45 µm (Taweechaisupapong et al., 2004) . The inhibitory minimum concentration of red onion skin extract against P. aeruginosa was 10%.
Macrophages were isolate from Balb/C mice ages 6-8 weeks. After the mice were sacrificed under anesthesia, the peritoneal layer was injected by 10 ml of cold RPMI medium followed by the aspiration of peritoneal fluid. The aspirate was centrifuged at 1,200 rpm at 4° C for 10 minutes. The supernatant layer was discharged, then 3 ml of complete RPMI medium containing 10% v/v FBS was added. After calculating for cell viability, the cells were resuspended in complete RPMI medium (2.5 x 10 6 / ml). Two hundred µl of cell suspension (5x10 5 cells) was then cultured in a 24 well plate on the round coverslips followed by incubation in 5% CO2 incubator at 37° C for 30 minutes. One ml of complete RPMI medium was added into each well, then incubated for 2 hours. After washed using RPMI twice, 1 ml of complete RPMI medium was added and the cells was re-incubated for 24 hours before treatment (Prayitno et al., 2016) Swarming motility test was carried out on the negative control group (100 µL of sterile distilled water) and treatment group (100 µL of 2.5%, 5%, or 10% extract concentration), six replications of each group. A hundred μL sterile distilled water or 2.5%, 5%, 10% of onion skin extract concentration were added into the tubes, followed by the adding of 200 µL of bacterial cells. The suspensions were incubated at 37°C for 2 hours using a shaking water bath. Bacterial suspensions were then cultured on 5% Bacto Agar semi-solid media, incubated at 37°C for 24 hours, stained using 0.1% crystal violet then washed (Deaziel et al., 2001) . The average length of radian movement of bacteria on four different sites was measured.
Adherence test. Two groups were used in this research part, control (sterile distilled water) and treatment groups consisted of 3 concentrations of red onion skin extracts (2,5%, 5%, or 10%). Epithelial cells were suspended in physiological saline, centrifuged, and adjusted for the cell concentration of 2 x 10 5 sel/mL (Wolska et al., 2006) . A hundred μL of sterile distilled water or 3 concentrations of onion skin extract solution were put on the tubes. In each test tube was added 200 μL of bacterial cell suspension containing 2x10 7 cells (concentration of 108 CFU / mL) and 200 μL of buccal mucosal epithelial cells containing 2x10 5 cells / mL. The suspension was then incubated at 37° C for 2 hours in the shaking water bath (Wolska et al., 2006) then washed by twice centrifugation at 3,000 rpm for 15 minutes to remove unattached bacteria. The samples were fixed on the glass slides and stained using Gram method. The adhesion index was done by calculating the number of bacteria attached to buccal cells using a light microscope 1000x magnification (Taweechaisupapong et al., 2005) . Calculation of the adhesion index according to Sumarno (2000) .
Macrophage phagocytosis test was conducted in 2 sample groups, control groups consist of positive (Imboost®) and negative control (complete RPMI) group, and treatment groups (2,5%, 5%, or 10% of red onion skin extract concentration). Two hundred μL of each solution was added into the wells containing 5x10 5 macrophages suspension which was then incubated for 4 hours. The wells were washed with RPMI, then 10 8 CFU/ml P. aeruginosa was added, and re-incubated for 60 minutes. Samples were washed with PBS three times, then added methanol for 30 seconds, followed by 30 minutes of Giemsa staining, washed with distilled water and finally dried. The calculation of Phagocytosis Index (IF) were performed by observing the number of bacterial phagocytosed by macrophage on the coverslip under a 1000x magnification microscope. The calculation of Phagocytosis Index referred to the formula of Jensch-Junior et al., (2006) .
RESULTS AND DISCUSSION
The radial measurements of bacterial swarming motility showed a reduction in bacterial motility along with the increase of red onion skin extract concentration (Figure 1) . The bacterial motility of the treatment group showed a lower value compared to the negative control group. This indicated the ability of red onion skin extract to reduce the motility of P. aeruginosa ATCC 9027.
One-way ANOVA test showed a significant difference between each treated group (p=0.00) that indicated the red onion skin extract affected the motility of P. aeruginosa ATCC 9027. Moreover, Post Hoc LSD test performed on the (Table I) below showed the extract with a concentration of 5% as well as 10 % had the equivalent ability to inhibit the motility of P. aeruginosa, while the extract concentration of 2.5% and negative control failed to inhibit bacteria motility.
Flagella and type IV pili are used to move along semi-solid surfaces (Conrad et al., 2011) . Hyper flagellation causes bacterial movement namely swarming motility that occurs in the media under the conditions of low water content so that the bacteria move in a clustered or coordinated manner (Rashid and Kornberg, 2000) . Swarming motility is described as a coordinated and rapid bacterial movement (O'toole and Kolter, 1998) and also increases bacterial virulence (Hancock et al., 2007) . Potential cell membrane may disturbed by the presence of quercetin that will cause disruption of ATP synthesis, therefore the cells do not produce enough energy for proton pump to transport hydrogen ions outside the cells (Campbell et al., 2003) . Moreover, tannin compounds block swarming motility by decreasing the production of rhamnolipid (O'may and Tufenkji, 2011) . The decrease in rhamnolipid production causes high stress on the cell surface which causes bacterial flagella to become stiff and the failure on swarming motility (Oura et al., 2015) Pseudomonas aeruginosa produces biosurfactant in the form of rhamnolipid which plays a role in the surface hydrophobicity of bacterial cells (Sotirova et al., 2009) . At the early stages of the attachment process, the rise of rhamnolipid concentration causes lipopolysaccharide leaves the cell membrane and be replaced with phospholipids. The condition increases the cell surface hydrophobicity of P. aeruginosa (Al-tahhan et al., 2000) that mediates the process of bacterial adhesion to the cell surface (Harmsen et al., 2017) . Tannin compounds from Figure 1 . P. aeruginosa swarming motility on semisolid media showed that the largest radiant of swarming motility of P. aeruginosa was the negative control group (A), followed by the exposure group extract concentration of 2.5% (B), 5% (C), and the smallest one was extract 10% (D). Cystal violet staining. Treatment 2,5% 0,20 -0,00 0,00 5% 0,00 0,00 -0,19 10% 0,00 0,00 0,19 -the extract may reduce rhamnolipid production of the bacteria and the surface hydrophobicity of bacterial cells, therefore cause the inhibition of adhesion.
The exposure of the red onion skin extract onto the bacteria showed that the higher the concentration of red onion skin extract, the lower the bacterial adhesion index (Figure 2) .
The bacterial adhesion index in treated group showed a lower value compared to the negative control group. The lowest adhesion index value was in the 10% extract concentration group (Table II) .
The obtained data of adhesion index was normal but not homogenic, therefore Welch's ANOVA as well as Games-Howell test were performed. The result of the tests showed that there was a very significant (p=0.00) difference on adhesion index in all groups. It was indicated that the exposure of red onion skin extract significantly prevented the adhesion of P. aeruginosa ATCC 9027 onto buccal mucosal epithelial cells.
Quercetin compound in red onion skin binds PilY1, the protein of pili structure, so that PilY1 loses the ability to bind to calcium ions from integrins in epithelial cells and disrupt the process of bacterial adhesion (Johnson et al., 2011) . In addition, polyphenol compounds bind to the pili, thereby disrupting bacterial adhesion to the surface of epithelial cells and inhibiting biofilm formation (Krachler and Orth, 2013) .
The extract of red onion skin was not only reduced the capability of P. aeruginosa ATCC 9027 virulence factors, but also improved the phagocytosis potential of mouse peritoneal macrophages. The capability of macrophage phagocytosis along with the increase of the red onion skin extract concentrations (Figure 3) . Figure 2 . The extract of red onion skin affected the adhesion capability of P. aeruginosa onto the epithelial buccal cells. The least number of bacteria attached to the cells was performed on extract concentration of 10% group (D) and showed more bacteria along the reduced concentration of the extract: 5% (C) and 2.5% (B); whereas the biggest number of attached bacteria was on negative control (A) group. Arrows indicated P. aeruginosa. Gram staining on 400x magnification. Figure 3 . The extract of red onion skin increased the phagocytosis potential of mouse peritoneal macrophage on P. aeruginosa. Macrophage phagocytosis on P. aeruginosa increased along the increase of extract concentrations of 2.5% (C), 5% (D) and 10% (E). The positive control group (B) showed the high macrophage phagocytosis ability, on the contrary, negative control (A) was much lower. Giemsa staining on 400x magnification. Phagocytosis index of the positive control (Imboost ®) group, as well as the red onion skin extract concentration of 2.5%, 5%, and 10% groups showed higher results than the negative control group (Table III) . One-way ANOVA test resulted significant difference in phagocytosis index in all groups (p=0.00). Further, LSD Post Hoc test showed significant differences between treated groups compared to negative or positive control groups (p=0.00). This indicated that the red onion skin extract might increase the potential of macrophages to phagocyte P. aeruginosa ATCC 9027.
The results of this study are in accordance with previous research conducted by Elberry et al., (2014) that red onion skin may act as an immunomodulator. Phenol, as well as quercetin in red onion skin increases IL-2 production (Dewanti et al., 2012; Rauf et al., 2016) . This cytokine plays an important role in activating Th1 lymphocytes that secretes IFN-γ so that increases phagocytic activity of macrophages (Ulfah et al., 2017) . Flavonoids may induce mitogen activated protein kinase (MAPK) activity which triggers the activation of nuclear factor-kappa B (NF-κB) and increase cytokine production. Activated NF-κB regulates inflammatory mediators, such as TNF-α that activates Th1 cells, thereby increasing macrophage activity (Hidayat, 2015) .
Although in this study the ethanolic extract of red onion skin had not been isolated to the level of active ingredients, the exposure effects of the extract in reducing the ability of P. aeruginosa motility and its adhesion to buccal cells, as well as increasing the phagocytic activity of macrophages clearly supported and proved those previous studies. 
